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Caoc«6 „p«*p»o«.— ™«.oBOll 3-epr- . no-W ^ 

200497r.) no»on«on^ no».c«» K03**H«BeHX no„e3Bon, AeH<^ 

//IfeBeCTHH PAH. 3HepreTHKa.-1997.-J«fl. c.l3^ i-t h 
3$4»KIHBH0C.*H> KapHO. B KOTOpoM RpH pea™3a«™ 

™3K<«eMnep«rypHM« H<^<n«K ,Hepn» - ''"""'^"^^J^^' ^ 3 
onocoea sHa^-a^ ^ no«BO^o« xennoBOB 3Hepm. x«p«^B 

XonOWJMBKe, 0C06eHB0 ITH HCnOHBSOBaBHH BHenlBBX Te 

onocraioHBOBKicoKoftTeMnepaiypoS. _ 
^BecreH ondco6, H^ec 6n«3™fi K 3a»naeMOMy (RU. 2162161 
MnK7 F03G7/06. 20.01.2001r.). npH peanH3a»,m KOioporo Aocn-" 
.03.*.«.e„. no„e,HO. „e.c»™ — -Z:ZZ 

ucTOHHHKa, B MexaHBwecKyK) pa6oTy. Cnocoo saiu 

B3aHM0«e p^o>»« ^ c HC— ~ 

paooHpH- noxoK c B^eHHeM MexaHH,eoKo: 
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HHSKOTeMnepaiypHLiM hctohhhkom xennoBoii SHepniH, fl^w nero 
HcnojiBsyioT nacxB b6ii^ero noroKa pa6oHe]g cpopfii c noBBnneHHon imoTHOCTbio. 
no cyntecTBy cnoco6 peanHsyer npoiiecc nepeAann aneprHH BHyrpH CHcreMU 
«pa6oHaH cpejota — flonojiHHTejiBHHH HHSKOxeMnepaTypHBiH hctohhhk 3HeprHH». 
Cnoco6 nosBOJiaer irpHdnHsnxB K03^|>imiieHT nojiesHoro pjdkcTBa^ (^ajiee 
KnjS) TennoMexaHinecKiix iipeo6pa30BaHHn k eAHHni](e, a xaic^e HcnojiB30BaTB 
HH3KOTeMnepaTypH£ie hctohhhkh xeimoBOH 3HeprnH. OAHaKO 3to OKasBiBaeTOji 
B03M0«HBiM JiHiiiB 6jiaroflapH npHMCHeHmo cneunajiBHOH aobojibho cjio^khoh 
CHCxeMLi perenepaipni xemioBOH 3HeprHH pa6oHeH cpeAU, pacnmp^^Mon nocne 
coBepmeHHS MexamnecKog paSoxBi. 

Hacxojimee H3o6pexeHHe HanpaBJieno Ha pemeime saAann cosmsHsa 
cnoco6a npeoSpasosaHiM xenjiOBOH 3HeprHH b nojiesnyio paSoiy c KTm^ 
iipaKxiraecKH cooxBexcxByiomHM xeopexinecKOMy, b KOXopoM ajm cosnama 
AonojiHHxejiBHoro HHSKOxeMnepaxypHoro HcxoHHHKa dHepnm HcnojiBsyercg 
npoi^eccLi, iq>H onpeAejieHHEix ycjioBHSx B03HHKaioii]:He b pa6oHefi cp^e na 
KBaHXOBOM ypoBHc. SasBJifleMBiH cnoco6 HanpaBJieH xaK»ce Ha pacmnpeHHe 
BHAOB nojie3HOH pa6oxbi, nojijrqaeMod npn ero peajrasaitHn. 

Cnoco6 saKJnoHaexcH b xom, hxo ocyntecxBHAiox BsaiiMOA^HCXBHe 
pa6oHeii cpeABi c hcxohhhkom xeiuiOBofi 3HeprHH, a xaiOKe BsaHMOAencxBHe 
pa6oHeH cpeABi c AonojnmxejiBHBiM HusKoxeMnepaiypHBiM hcxohhhkom 
dHepiHH, npH 3XOM B KanecxBe AonojmnxejiBHoro HH3Koxeiwmgpa^ 
HcxoHHHKa 3HeprHH HcnojiB3yK>x no3HxpoHHoe cocxojnme Maxepnii jO^HpaKa, a 
lasaHMOAeiicxBHe paSoneg cpeflw c AonojnorrejiBHiiiM HHSKoxeMHepaxj^HEBvi 

HcxoHHHKOM ocymecxBJMiox nyxcM BgegefflM jga^OHefi^... .?P??5^ .® 

KBaHXOBOM^aHHHeCKHH pesoHaHC c j^oMrajmgM TaKHM o6pa30M, 

AJM npeo6pa30BaHHH xennoBOH 3HeprHH b nojiesnyio pa6oxy HcnojiBsyiox 
B03M0^KH0cxH KsaHxoBOMexaHHHecKHx pcsoHaHcoB cHCxeMBi <q)a6oHaa <5pe^^a — 
AonojiHHxejiBH£iii HHSKoxeMnepaiypHBiH hcxohhhk 3HeprHn», xo ecxb b a^hhom 
cjiynae cncxeMU «pat5oHaH cpe^a — nosmpoHHoe cocxojnme MaxepHH ]SfrpaKa». 
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IIoHHMaHHe ^HSH^ecKOH cymHocTH nosmpoHHoro 

cocTOHHKS MaxepHH ^paKa, noApo6HO Hsno^eHHOH b MOHoipa^im ^'The 
Principles of Quantum Mechanics'* by PAMDirac. SECOMD HDmON. 
OXFORD, 1935r., nosBOJiser yraep^aTB, hto xcMnepaiypa ynoMfloayroro 
cocTOAHHfl MaxepHH 6jm3Ka k OK. HMeHHo axo H3BecxHoe cbohcxbo MaxepHH 
nosBOjraex cHHxaxB ero 6jih3Khm k H^^eajmnoMy irasKoxeMnepaTypHOMy 
HcxoHHHKy aneprHH. TaKHM o6pa30M, npn BseAeHHH paSoned cpesBi b 
KBaHXOBOMexaHHHecKHH pesonanc c nosHxpoHHUM cocxo^DEDEieM MaxepHH 
.^HpaKa ocymecxBJiaexcH nepcAana 3HeprHH ox pa6oHeH cpe^Bi k 
HHSKOxeMnepaiyHOMy HcxoHHHKy c npoHSBOACxBOM nonesHOH pa6oxBi. 

B HacxHocxH, B KanecxBe HHHimHpyioiii;ero BOSAeiicxBHS c iiejEbio 
BBefleHHS ynoMflnyxoH chcxcmbi b KBaiixoBOMexaHHHecKHH pesoHanc cos^aiox 
nnoxHocxB 3HeprHH Ha eAHHHiiy oG'&eMa pa6oHeH cpeAU, a xaK^e 
Heo6xoAHMyK> nJxoxHOCxt HMnyjiBca 3HeprHH hhGo ero MOMenxa, a b KanecxBC 
pa6oHeH cpeABi HcnojiBsyiox cy6cTpax, HaxoAsmniicH b jik)6om hs aiperaxHbix 
cocxohhhh, b xom HHCJie xBepAoe xejio, ^hakocxb, ras, nriasMy jra6o hx 
coHexaHHe. B jiajihucSaneM b xeKcxe bmccxo xepMHHa «pa6oHaH cpGflja» Gypfin 
^HiypHpoBaxB xepMHH «cy6cxpaT». Coo6^^eHHe cy6cxpaxy Heo6xoflHME ix flJM 
B03HHKH0BeHHH pesoHaHca BBimeynoMSHyxux BOSAeiicxBHH BUStiB aex 
nojuipHsaiQioHH&ie iipoH;eccw b nosHxpoHHOM cocxohhhh MaxepHH fljapaKSiy 
aHanorHHHO ycjiOBHSM po^enna napLi dJieicipoH-nosHxpoH b MHKpoo6i>eMe>wia 
OAHOH napm, KaK 3XO onncano b xpyae: A.H.AxHe3ep, B.B£epecxeipcHil 
"KBanxoBaH 3JieKxpoflHHaMHKa", "Hayna", MocKBa, 1969r. KaK cne^yex H3 
BBnnenpHBeAeHHBix hcxohhhkob, npoij^ecc nojiHpHsaipm nosmpoHHoro 
cocxohhhh MaxepHH .QHpaKa conpoBonqiaexcfl B036y^eHHeM nacxHi^ h 
aHXHHacxHi^. 

. YcJIOBHa flJM C03flaHH« pe30HaHCa C n03HXp0HHHM COCXOOTHCM Max^HH 

J^axa ocHOBaHBi na 3aKOHe coxpaHCHHS 3HeprHH h HMnyjiBca jih6o MOMCHxa 
HMiiyjiBca H onpeACJunoxcfl cjie;i(yioiimMH cooxHomeHHHMH. 



^> ^ -Cf /^cjtx*- o^-i < '-li-, z-OA-' ^ 
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rLioTHOCTB aneprnn b no^BepraeMOH BOSAencTsmo 

HacTH cy6cTpaTa b pacnere Ha ojspy Hacrmiy pasHa: 



En=2mc^l.^) (1) 



rfle /77 - Macca aneicipoHa, 
c — CKOpocTB cBera, 
M — Macca MoneKyjmr cj^cipaxa. 
IIpH co6jnofleHHH ycjiOBHa (1) En » 1,02010^5 h i5)OHCxoflHT 
norjion^eHHH ffsyx KBaHTOB 3Heprim no Ek » 0,51 010^35 ciqKrniBonono^ECHo 

Haiq>aBneHHmm HMnyjibcaMH p . 



= — (2). 
C • 

BOSMO^ECHO TaKHCe B036yHCAeHHe HeKOropiIX KOJUieKTHBH&IX moa 

nojispHsamiH nosmpoHHoro cocTosmiH MarepHH ,Zi(iipaKa npH MeHBnrax 
imoTHOcTax 3HeprHH no cneAyiomeji ^opMyjie: 

2 

• WC^ « 3,73 'lO^aB (3), rfle 

2 J 

= — - nocTOHHHaH TOHKOH cipyiciypH. 

IIpH 3TOM ajieKipoH-nosmpoHHas napa He BosHmcaer, ho npoHcxoAHX 
pesoHaHCHoe norjioii];eHHe sHeprmi c nepexo^oM sHeprnH or cy6cTpaTa k 
nosmpoHHOMy cocTOXHmo MaxepHH ]3fipaxsL. 

B Tex cji^aax, Kor^a nnotHociB aneprim cy6cipaTa H^ocraioHHa ^flsi 
B036y»cfleHHH aHTH?acTHii; (noBHrpoH, aHTHHeihpoH, antHM^OH), bosmo^cho 
norjioii](eHHe 3HeprHH KOJUieKTHBHUMH K0Jie6aHHflMH nojmpnsyeMocTH 

nOBHTpOHHOrO COCTOAHHH MaxepHH JIfSp&KSi. 3tOT H^Ii^eCC npHBOAHT K 

nepe^aHe SHepiim or cyScipaxa c T^taiepaTypoS T2>300K k nosmpoHHcstiy 



0 ^^^^ 
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cocTOHHHK) MaxepHH ^Z^HpaKa, HMeiomeMy xeMnepaTypy Ti<2,4K, 
npH 3TOM TeMnepaiypa Ti uowm He yBennHHsaercH H3-3a npaKTH^ecKH . 
6ecKOHeHHOK TeiraoeMKOCTH nosirrpoHHoro coctohhhse. 

Po^cfleHHe 3neKTpoH-no3HTpoHHHX nap b iqjoiiecce ocymecTBneHHa 
KBaHTOBOMexaHHraecKoro pe30HaHca BLisMBaer paasirme cjieflyiomero 
iipoi]iecca. AHTHHacTHi^a nosHxpoH peanipyeT c cy6cTpaTOM, BMAejiAA SHeprEOo 
B BBnc xeiuia, WTO n^HBOAHT K DOBiinneHmo TCMnepaTypH T2, a TaicHce k 
pasAejiemno sjieicrpBraecKHx sap^OB h BOSHHKHOBeHHEO 3JieKTpoflBH«ymeH 
CHJiLi (3AQ- TaKHM o6pa30M, KOJiiraecTBO tciuioboh 3HepniH, Koxopyio mo»cho 
nepeBOA^Tb b nojiesHyio pa6oTy, sHaHnrejiBHO Bospacraer. K xoMy »e 
noiiBjmeTCA bosmo^khoctb Bap&npoBaTB nojiynaeMBifi pesyjiBTax ^bha nojiesHOH 
paGoTu). Mo^ECHO, HanpHMep, nojiynaTB 6ojiBine xenna h MeHLine 3flC h 
cosAaBaxB 3(|)4^eKXHBHLie HaipeBaxejiH. Mo3KHO 6ojiBiiiyK) nacxB nonesHOH 
paSoxbi nepeBojagHTTb b 3^C h cosAasaxb 3^^eKXHBH£ie reHepaxopM 
3neKTpo3HepriiH. IIpH nepeBo^e 6ojiBmeH nacxH xennoBon 3Hepnm b 
HSMeHeHHe ipasHxaiijiOHHoro hojm MO«ex6LixBTC03AaH rcHepaxop Cepjia. 

PeajnoaixHH 3a5iBiuieMoro cnoco6a B03M03KHa npH HcnojEB30BaHHH 
cyScxpaxa, rnxofs^erocsi b jik>6om h3 aiperaxHHX cocxoHHHii, b xom HHCjie 
XBepfloro xejia, ^kuwocxh, ra3a, iuibsmm jna6o hx jno6oro conexaHHa. 

OpraHioaipiH pa6oxbi xeimoBoii Mannmbi, peajnoyiomeH sasBJieHHUH 
cnocoG, xo ecxB BBeAeHHe b KBanxoBOMexaHinecKmi pesoHanc CHcxeMH 
«cy6crpax- nosHxpoHHoe cocxomnie MaxepHH ,^HpaKa», MO^ex 6utb 
oc5ai|ecxBneHa c noMoniBio HSMeneHHa Bos^eiicxBHeM Ha cy6ctpax BHennmx 
xepMOfljraaMHHecKHX cxenenefi cbo6oabi ynoMjSMyxoii cHcxeMBi, xaKHx, KaK 
xeMnepaxypa, As^nenne, XHMHHecKHH cocxaB, a xaioKe HSMeneHH^ BHennrax 
nojien (3JieKTpHHecKHx, ManfflXHUx, dneKrpoMarHHXHbix, cnHHopmix) b 
3aBHCHMOcxH OX aiperaxHoro cocxohhhh cy6cTpaxa, b oxHomemra Koxoporo 
oc3ai;ecxBJDiexc)i BOSfleiicxBHe. 
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B KaHecrae npHMepa momcct 6£nB paccMOipeH . cy6cTpaT b 

BHwe aoHWKOCTH, HMeromnfi TCMnepaiypy T2=300K (KOMHaraaa TeMnepaiypa). 
JIk>6£iM H3 K3BeciH£ix cnoco6oB, HanpHMep, HcnoJiBsyeMHM b nporormie, 

C03AaK>T nOTOK 2ECHAKOCTH, B HaCTH KOTOpOFO flOCTHTaeTCa CKOpOCTB HOTOKa, 

oTBe^aioi]^ ycnoBHSM (1) jihSo (3), hto npHBOAtar k np^MOMy 
BsaiiMOAeScTBHio c nosHTpoHHHM cocTOAHHeM MaxepHH ^X^lpaKa, HMeionpiM 
TeMnepaxypy Ti <2,4K npH 3tom nepexbfl TCima ot cy6cTpaTa k nosmpoHHOMy 
cocToaHHK) nosBOJiaex nojiyHHTB nojiesnyio pa6oTy c Koa^^mpieHTOM 
nojie3Horo fleficTBHa: 

Klin = I^zlx = - =0,992 <4) 
^ Ti 300 

3to - nepBBifi ipaoi pa6oTM tciijioboh ManraHW. BxopoH ee uedkji - 
BOSHHKHOBeHHe nosHipoHa H3 no3HipoHHoro cocTOHHHa MaTepHH ^0(KpaKa H ero 
BsaHMOAeilcTBHe c cy6cTpaTOM (aHBHTEiramiH) c BBiAeneHHeM AonojiHHTejiBHoii 
3HeprHH B BHwe Teiuia, hto MeHaer sanac TeimoBofi anepraH (^crpara. 3to, b 
CBOK> OHepeflb, nosBOJwer yMeHLnrart saTpaxH xeiraoBofl sHepraH BHenmero 

HCFOHHHKa H, TaKHM o6pa30M, HOJiyHHTB He TOJIBKO MaKCHMaJIBHUli Kim, HO H 
nOBLICHTb 3$$eKIHBHOCTI. TCIIJIOBOfi MamHHM, TO eCTb yBeJIHTOTB HdCTb Tenjia, 

Hflymee Ha npoHSBoacTBo nojiesHpH pa6oTH. KpoMe Toro,. b saBHCHMOcm ox 
ycjioBHH, KOTopue onpeAeJMCEOT, c xaKOH h3 nacxeH axoMa hjih mojiciq^jibi 
BeniecTBa cyScrpaxa pearapyer nosmpoH, mo^cho nojiyrarb jih6o hs^ktiohheih 
3ap£A» ecjiH nosETipoH aHHHTHJiHpyeT, HanpHMep, c HeBripoHOM b Tfl^enoii BOfle 
— npH 3TOM BMCcre c hsGlitohhhm TeimoM, nojiynaeMBai bo BTopoM ipncne 
pa6oTEi TennoBOH ManmH£i, B03HHKaeT eme h h36bitohhlih: 3apHA, KOTopiifi 
TaioKe cHHMaercx b KaHecree nojie3Hoii pa6oT£i. 

B KanecTBe BTOppro npuMqja paccMaipHBaerca TennoBaa ManmHa, b 
KOTOpOH b KanecTBe cy6cTpaTa HcnojiL3yeTca Bpamaiomeeca TBepfloe xeno. Ha 
BHenmefi HacxH spamaiomeroca XBepfloro xena, npH AOCTH^ceHHH hm 



onpeflejieHHOH yrjioBoS cKopocra W co3Aak)TC)i ycjioBBS, orse^iaioiifHe 
cooTHomeHiMM (1) jm6o (3). Ha BHenmeH HacxH xejia 3th ycJiOBHa cosAaioxcH 
jiepie, xaK KaK jmHeiiHas CKopocTb V : 

V =jRw (5), 

rfle R — paccTOjnme ox i^eHxpa Bpan^eHH^ flo tohkh, rae AocxHraercH V. 

B 3TOM cjiynae pojit MaccBi M b ^opMyjie (1) mpaer MOJiei^Jia Ben^ecTBa 
TBepfloro xejia, a saKOH coxpaHeHHs HMiiyjiBca MeHHexcH na saKOH co:^aHeHH£ 
MOMeHxa HMiiyjiBca. 3xo npdncxoAHx noxoMy, hxo no saKonaM KsaexoBOH 
MexaHHKH onpeAeneHHoe sHaneHne Moncex HMexb jih6o HMiiyjiBc jm6o momchx 
HMnyjcbca nacximH, ho He o6e 3XH BejiHHHHH oflHOBpeMCHHO, IIpH 3xom bo 
BxopoM ipnene paOotu xaKOH xennoBoii MamHHBi nosmpoH Mo^ex 
aHHHrHjrapoBaxb c cy6cxpaxoM ne xojibko c ocBo6o^eHHeM sapji^a, ho h c 
nepe^aneH cyGcxpaiy AonojnfflxebiBHoro MOMenxa HMnyjiBca. TaKod npoij^ecc 
xaKHce noBBimaex 34>^eKXHBHOcxB xennoBOH ManiHHBi, iq^oHSBOAsaKeii 
AonojiHHxejiBHyio MexaHHHecKyio paSoxy h hsGbttohheih sap^. 

TaKHM oGpasoM, hs iipHBeAeHHHX r^HMepOB oneBH^o, hxo b 
saBHCHMOCxH OX aiperaxHoro cocxo^nEms h xHMHHecKoro cocxaBa cy6cxpaxa 
BOSMomio jih6o nojiynemie nojiesHoii pa6oxBi c o^oBpeMeHH&iM oxnaHc^emieM 
oKpy^aiomeii qpe^Bi, w ochobhoh pesoHanc npoHCxoAHX no ^opMyjie (3), 
jih6o yMeHBrneHHCM konnnecxBa Bem^ecxBa cy6cTpaxa sa cnex ero aHHmiHjiflipm, 
ho 6e3 oxnaawcHHa oiqpy^aionieii cpeAM, jra6o conexaHHC 3Xhx pesyjiBxaxoB, 
Panee oxMenajiocL (YMapoB r,P., OnpcaHOB BHHorpaflOB B.A. «PemeHHe 
saflaHH MHorax xen h MexamiSM njiaBJiemiH XBep^Hx xejD>, <<PacnjiaB£i» AH 
CCCP, 1990, JSro3, c.25-31, YiviapoB r,P. h ;^p. <^exaHH3MH ^asoBoro nepexofla 
nepBoro po^a b Mexaujiax h nojiynpoBOflpHKax uojx aeHCXBHCM bhcokofo 
AaBJieHHH H 3JieKTpocxaxHHecKoro nojM», «<I>H3HKa h xexHrnca bbicokhx 
;taBneHHH»9 1990, X233, c.10-14), hxo 4^jiyKxyaqHH nosHXpOHHoro cocxosnra 
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cy6cTpaTa caMH no ce6e He Moryr npHBecm k caMonpoiiSBOJiBHOMy 
noHBJieHHK) nosHxpoHOB, TaK KHK He cosAaHLi ycjiOBHS cooTBexcTByiomero 
<|>a30Boro nepexoAa, to ecTB noflBJiemie nosHxpoHOB b paccMaipnBaeMEix 

yCJIOBHHX npHBOAHT K a6cOJnOTHOH HeyCTOHHHBOCTH (b TepMOflHHaMiraeCKOM 

cMBicne) nosHxpoHOB no oTHoraemno k nepexo^y. B TennoBofi Mannme, 
peajnoyiomieii saaBJiEeMBiH cnoco6, coaaaioTCH ycjioBHa, Kor^a noHBHBniHficH 
nosHxpoH He nepexoffirr oGpaiHo, xaK KaK jihhiih aScojnoTHoil HeycxoKraHBOCTH 
npeo;i:ojieHa. EpH 3T0M noOTJiHexca bosmohchoctb aHmnnjiflipffl nosHipoHa c 
sijjpeam axoMOB cy6cTpaTa c HcnycKanneM ^JiHHHOBOjmoBLix ^otohob, to ecxb k 
nojiyneHmo cy6cTpaTOM Ao6aBOHHoro Tenna h, cjieflOBaTejiBHO, k noBEnneHmo 
3^^eKTHBHOCTii TennoBoH MamHHBI. 

TaKHM o6pa30M, sa^JineMLiH cnoco6 ndsBOJiHex ocymecTBHTB 
npeo6pa30BaHHe TeroioBofi 3HeprHH b nojiesnyio pa6oTy c Kim, 6jm3KHM k 
TeopenraecKOMy, HcnojitsyH rJiy6HHHHe rqpoi^eccu b paGonen cpe^e 6e3 
npHMeHeHHfl cjio^khbix b TexmraecKOM OTHomeHHH CHCxeM perenepaiXHH 
3HeprHH, a TaiOKe pacumpHTb BH;m>i noJiesHoii pa6oTK[, nonynaeMOH npn ero 
peajni3ai](HH. 

B KanecTBe flonoJiHHTejiBHMX Moiyr B03HHKaT& cjie/Qoonpae 3^^eKEbi: 
-xpaHCMyraiUM Hflep semecxBa 

-BOSMomiocTB nepeflaHH 3HeprHH na 3aAaHH£ie paccxOHHHa 

SajsBJifleMMH cnoco6 MO^ex Gbixb HcnojiBsoBaH b npoMuniJieHHOM^ 
npoH3BOAcxBe, xpeGyiomeM noTpe6jieHHH 3HaHHxejiBHoro KOJm^ecxBa 
3JieKxpo3HeprHH, nanpuMep, b upexHoii MexaJUiyprHH, rae ce6ecxoHMOCTL 
npo;D(yKUHH Ha 80% cocxohx h3 cxohmocxh noxpeGjMeMoii 3Heprim, c 
oj^HOBpeMeHHWM oxjiaaw^HHeM ropOToax uexoB bo Bpe^HOM iipoHSBOAcxBe. 
Cnoco6 Mo«ex HcnoJiBSOBaxBCH xaK»ce npH cosAanHH BHCOK034)$eKTHBHoro 
HcxoHHHKa 3Heprmi na xpaHcnopxe, a xaoKe b pwe flpyrax nanpaBneHHH, 
ynoMflHyxbix BBime. 



OopMyjia H3o6peTeHHfl 



1. Cnoco6 npeo6pa30BaHii)i TeiuioBOH SHepinH b nojiesHyio pa6oTy, 
BKJiK>HaioiE(iiH BsaHMOAeficTBHe pa6oHe3[ cpeAM c hctohhhkom aHeprHH, a xaioice 
BsaHMOACHCTBHe pa6oHeH cpepfii c AonojnmreJiBHBiM moKOT^mepaTypmjM 

HCTOHHHKOM SHepIHH, OTJIHqaiOmHHCH TCM, HTO B KaHeCTBC AOnOJIHHTeJIBHOrO 

HHSKOTeMnepaiypHoro HcroHHrnca sHepnffl HcnojitayiOT nosHipoHHoe 
cocTOAHHe Maxepmi JfyspaKei^ a B3aiiM0AeHCTBHe c hhm pa6oHeft cpeABi 
ocymecTBJMioT nyreM BBeppmsR nocjieAHen b KBanroBOMexaHiraecKHH 

peSOHaHC C ynOMHH^^TBIM COCTOHHHeM. 

2. Cnoco6 no n.l. ornwiammfmcK tcm, hto b Ka^cTBe mmiQiHpyioiifero 
BosA^HCTBim c nenhJO BBe^emis b KsaHTOBOMexaHiraecKHfi pesoHaHC cos^aiOT 
luiOTHOCTE sHeprnH B pa6oHeH cpefle h iuiothoctb HMnyjiBca jihSo MOMeHxa 
HMnynBca dHepnm. 

3. Cnoco6 no n.l. oxjnraaronijHHC^ xeM, hto b KanecTBe paSoneii xipepf>i 
HcnojttsyiOT cy6cTpaT, HaxoflamjmcH b jhoSom H3 arperaTHBix coctohhhh, b tom 
HHCJie TBepfloe tcjio, »kwkoctb, ra3, njiasMa jih6o hx coHeraHHe. 



Pe4»epaT 

Cnoco6 npeo6pa30BaHHH TenjioBOH aueprHH b nojieaeyio pa^ory 

H3o6peTeHHe othochtch k xeimoaHeprerHKe, b HacTHOcra, k cnoco6aM, 
HcnojiBsyiomHM pa6oHyio cpejsy wia co3flaHHfl nojieanoH pafiara m Tennorti 
BHenraero HCTOHHraca. Cnoco6 BKjnoHaer b ce6« BsaHMOflencTBHe pa6oHeH 
cpeAKi c HCTOHHHKOM 3HeprHH H BsaHMOflCHCTBHe pa6oHeH CpGJSfH c 

flOnOUHHXeJIBHHM HHSKOTCMnepaTypHMM HCTOHHHKOM SHCprHH, B KaHCCTBe 

KOTOporo HcnojEbsyiOT nosmpoHHoe cocroHHHe uarepmi Jl^axa. 
BaaHMOfleHOTBHe ocymecxsjiaioT nyreM BBefleHHa paSoHeii cpe«bi b 
KsairroBOMexaHEraecKHfi pesoHaHc c ynoMHHyruM cocroaiffleM. Hi3o6peTeHHe 
Mo^er 6BrrB HcnojitsoBaHO b iq)OMbirajieHHOM npomBOflCTBe, CBXsaHHOM c 
noTpe6jieHHeM sHaHHTentHoro KOJinraecTBa sHepraH, a xaKKC npn cosAaHHH 
BHcoKoa^^CKTHBHoro HCTOHHHKa 3HeprHH Ha TpaHcnopxe H B paae ffpyrwi. 
HanpaBneHml. 



